On the other hand, the main function of NLRs, another type of intracellular PRR family, has been considered to activate caspase-1 in response to PAMP or danger-associated molecular pattern (DAMP) (8) . Although it is not clarified in detail how NLRs sense PAMP or DAMP, the engagement of pathogenic moiety to NLRs might trigger the formation of molecular complex comprising of NLR, apoptosisassociated speck-like protein containing a CARD (ASC) and procaspase-1, resulting in the activation of caspase-1.
This molecular assembly to activate caspase-1 is termed as inflammasome complex (9) . NLR contains N-terminal CARD, pyrin domain (PYD) or baculovirus inhibitor of apoptosis repeat (BIR), followed by central NAIP, CIITA,
HET-E, TP-1 (NACHT) domain and C-terminal LRR motif (5) . In addition to NLR family, another PYD-containing proteins such as pyrin and absent in melanoma2 (AIM2)
were also identified to assemble inflammasome complex with ASC, resulting in the activation of caspase-1 (10~14).
Here, we will describe the molecular function of PYDcontaining inflammasomes in innate immune system.
Caspase-1: Inflammatory caspase
Caspase-1, also known as interleukin-1β-converting enzyme (ICE), belongs to a cysteine protease caspase family, which mainly orchestrate the molecular event of cellular apoptosis or inflammation. To date, 14 caspases have been identified in human and mouse, and they are classified into two subgroups according to their function as inflammatory (Group I) or apoptotic (Group II or III) caspases (15) .
Inflammatory caspases include caspase-1, -4 and -5 in human and caspase-1, -11 and -12 in mouse, and they are clustered on human chromosome 11q22 and mouse chromosome 9A1 (16) . Caspase-1 is responsible for processing pro-interleukin 1β (pro-IL-1β), pro-IL-18 and pro-IL-33 into their matured form, but the physiological functions of the other inflammatory caspases except caspase-1 are poorly characterized yet.
The significance of caspase-1 in innate immune protection was highlighted using caspase-1 knockout mice study. For example, deficiency of caspase-1 conferred resistance to lipopolysaccharide (LPS)-induced shock, whereas mice lacking both IL-1β and IL-18 are still susceptible (17, 18) .
Recent studies also demonstrated that caspase-1-deficient mice are more susceptible to the infection of bacterial pathogen such as Francisella tularensis and Salmonella enterica than wild type mice (19, 20) . These results collectively indicate that caspase-1 is crucial component in regulating endotoxin-induced inflammation and clearance of intracellular bacterial pathogens.
In addition to the maturation of IL-1β, caspase-1 seems to regulate more noncanonical processes contributing into innate immune responses, based on the phenotypic differences between caspase-1 and IL-1β or IL-18 knockout mice studies. Caspase-1 might regulate the unconventional secretion of leaderless proinflammatory proteins such as IL-1β and high-mobility group box 1 (HMGB1), although the molecular mechanism remains largely unknown (18, 21) . Furthermore, caspase-1 induces pyroptotic cell death in macrophages and dendritic cells in response to microbial infection, probably to clear the infected cells (21) . Further study will be needed to clarify the molecular mechanism by which caspase-1 regulates these noncanonical functions.
Like all other apical caspases, caspase-1 is synthesized as an inactive zymogen, which contains N-terminal CARD domain, followed by p20 and p10 domain. To gain its full activity, procaspase-1 has to be recruited to molecular platform and auto-processed by proximity model into heterotetrameric structure of p20 and p10 (22, 23) . Attempts to find a CARD-containing protein, which specifically binds to CARD of procaspase-1, first uncovered two proteins, which are able to interact with procaspase-1 to induce its processing, namely ASC and ICE-protease activating factor (IPAF/NLRC4) (24, 25) . that the oligomerization of ASC is a crucial event to induce the activation of caspase-1 (24, 26, 27) . In a physiological condition, ASC requires an additional PYD-containing protein for triggering the oligomerization of ASC (Fig. 2 ).
Protein data base search to find a PYD-containing protein to engage and oligomerize ASC sheds light on the identification of caspase-1-activating molecular machinery such as NLRP3, pyrin and AIM2, all of which are able to interact with ASC through PYD-PYD homotypic interaction to assemble inflammasome complex (Fig. 2) . Moreover, accumulating ASC-deficient mice studies confirmed that ASC is an essential molecular adaptor protein to activate caspase-1 in response to a variety of stimuli (19, 28~32) .
PYD belongs to death domain superfamily, which is characterized by 6 α-helix bundle and plays an important role in the assembly of apoptotic and inflammatory proteins (33) . Based on the nuclear magnetic resonance (NMR) structural analysis on the PYD of NLRP1 and ASC, PYD has a unique long loop region between H2 and H3 helices or at H3, which may determine specificity of PYD (33~35).
Although the structural mode of PYD-PYD interaction is
not characterized yet, structural and mutational analysis on the PYD of ASC revealed that charged and hydrophobic On the contrary, a characteristic speck-like structure of ASC was clearly observed by the coexpression of pyrin, indicating that pyrin is able to oligomerize ASC (77, 79, 82) . In a HEK293T cell-based reconstitution system, pyrin was not likely to compete with NLRP3 or caspase-1 for the binding to ASC, instead pyrin forms a NLRP3-independent molecular assembly with ASC and procaspase-1 leading to 
